Abstract -Predictive current control (PCC) is an effective method to control matrix converters (MCs) due to its advantages such as simplicity, fast dynamic response, and flexibility to control different variables. However, the high amount of calculations for the PCC is an obstacle for its real application. To overcome this problem, this paper proposes a simplified PCC method for MCs by utilizing the sector distribution. In addition, the proposed method reduces the peak value of common-mode voltage (CMV) to 42% by using a mediumvalued phase voltage to generate the zero vectors. Simulation results are shown to validate the effectiveness of the proposed PCC method.
Introduction
During the past decades, matrix converters (MCs) have become an attractive converter to alternate the back-to-back converter due to its superior advantages such as sinusoidal input/output waveforms, controllable input power factor, bidirectional power lfow capability, and a compact power circuit [1] , [2] . Amon� the MC� s modulation methods, the predictive current control (PCC) has recently emerged as a feasible and competitive method compared with the classic linear controllers [3] , [4] .
The PCC method has been successfully applied to control the output current and the reactive power for MCs [5] . This method used a discrete-time model of the load to predict the output current for the 27 switching configurations (SCs) of the MC, and then the vector which minimizes a cost function is applied. In [6] , the PCC method has been adopted to reduce the common-mode voltage (CMV), which is one of the main sources of the shaft voltage, leakage current, and bearing current damage. Even though [6] can suppress the RMS value of the MC's CMV without any degradation of the performance of the drive until reaching 40%, it is difficult to choose a proper weighting factor for the cost function. From the previous studies, the PCC methods for MC have demonstrated many advantages such as fast dynamic responses, easy inclusion of nonlinear constraints and no requirement of modulations. However, the PCC method needs a high amount of calculations, which results in long calculation time.
In order to overcome these drawbacks, this paper proposes a simplified PCC method for MCs to reduce the calculation time without affecting the output performance. The proposed method simplifies the current prediction process and reduces the number of the cost function calculation by utilizing the sector distribution. As a result, the calculation time is effectively reduced. In addition, by using the medium-valued phase voltage for zero vector according to input voltage sector distribution, the peak value of CMV is reduced to 42% without the required weighting factor in the cost function. Simulation results are shown to validate the effectiveness of the proposed PCC method. Fig. 1 shows the power circuit of the MC system. It is composed of nine bidirectional power switches, which connects a three-phase voltage source to a three-phase passive load. The input phases should not be short-circuited, and the load side should never be open circuit. With these constraints, 27 possible SCs are allowed to control the MC. These SCs are categorized into three groups: 1) active vectors, 2) zero vectors and 3) rotating vectors. All 27 possible SCs and their corresponding peak values of the CMV are listed in Table I. EEE 104-2
Conventional Predictive Current Control
In this paper, the three-phase variables are characterized by means of space vector. With the relevant symbols shown in Fig.1 , the input voltage space vector is defined as following:
A similar definition can be applied to obtain the output voltage, input and output current vectors, i.e., , and , respectively.
The PCC method uses a model of the system to predict the future behavior of the controlled variables. The dynamic model of the passive load is defined as following: (2) where Rl and Ll are the load resistance and inductance, respectively. Using the forward Euler discretization for (2) with a sampling period Ts, the 27 predicted load currents ( + 1) corresponding to the 27 output voltage vectors ( + 1) of the MC can be expressed as the following equation: As the control target is to regulate the load current, the cost function for the load current can be given as following:
The block diagram of the conventional PCC method for MCs is shown in Fig. 2 . This control scheme requires 27 times calculation to obtain the predictive current as well as 27 times calculation to find the cost function to find optimal SC. So, it takes a long computing time. EEE 104-4 
Simplified Predictive Current Control
The proposed method can reduce the amount of calculations by using the "required output voltage vector (ROV)" * ( + 1) for the prediction process instead of the predictive current calculation. The voltage vector * ( + 1) that makes the predictive current ( + 1) close to its reference * ( + 1) can be determined from (3) by replacing ( + 1) with * ( + 1):
The control loop of the simplified PCC method selects one suitable output voltage vector, which is closest to the ROV in (5) . The new cost function is defined as following:
In order to reduce the number of the cost function calculation, the sector distribution of the input voltage and the ROV is considered. The sector of the input voltage vector ( ) and the ROV ( ) are defined as shown in Fig. 3 . For easy explanation, both and * ( + 1) are assumed to lie in sector 1 without missing the generality of the analysis. Fig. 4 shows all 27 output voltage space vectors when = 1 and = 1. A geometrical analysis shows that when * ( + 1) is located in sector 1 ( = 1), the candidate vectors to be the closest vector can be six vectors: three active vector +1, +2, −3, two rotating vector r1, r2 and one zero vector. The proper zero vector is selected by taking into account the CMV according to the input voltage magnitude. Among the zero vectors in Group 2 in Table I , we select the zero vector which is generated by the minimum magnitude input phase voltage. For example, when the input voltage vector is located in section I, the zero vector 0b is used as shown in Fig. 3(a) . Table II 
Simulation Results
In order to evaluate the performance of the proposed PCC method, the simulation is carried out by using MATLABSimulink software. The parameters used for simulation are: three-phase source power 220V/60Hz; balanced three-phase load = 15Ω, = 10
; input filter with = 1.4 , = 22µ , = 30Ω, and the sampling frequency = 50 . Figs. 6 and 7 show the output performances of the conventional PCC method and the proposed PCC method, respectively, in case of the reference output current magnitude = 6 with the frequency = 80 . Comparing Fig. 6 with 7, the THDs of the output voltage and current with the proposed PCC method maintain almost same as those with the conventional PCC method. However, the CMV with the proposed PCC method is reduced compared to that with the conventional PCC; the maximum CMV value reaches ±311 with the conventional PCC method, and the proposed method reduces the maximum CMV value to ±179 , which is 42% (±1/√3) of the peak value of the input phase voltage.
Conclusions
This paper has presented a simplified PCC method to reduce the high amount of calculation for MCs. The proposed method makes the current prediction process simple by using the required output voltage vector. Furthermore, the number of the cost function calculation is also significantly reduced by utilizing the sector distribution. Additionally, a very effective zero vector selector has been developed to minimize the peak value of the CMV. In spite of the simplified PCC algorithm, the performance of the proposed PCC method is not degraded and the CMV is reduced to 42% compared to that of the conventional method. The effectiveness of the proposed method is verified by simulation results.
